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Quarterly Report Project 59

JI.

Adms

Thne general aims of the mroject arws:

A. Tc develop insirumentation suitable for the measurement of the
filux of heat, mcmsntum, and water vapor from the sea surface; 1if
possible by more than one method.

B. To obtain a sufficient mumber of measuremenis of these fluxes to
draw quantitative conclusions ab ut the factors involved.

Instrumentation.

A. Requirements:

1. "Intimate structure" approach. This approach mekes use of
the relations

Fm= euur
FH cpewT

Fw*eurq

where FM " FH , and F w are vertical fluxes of momentum, heat, and water
vaper, respectively, € 1e density, {1 and S are horizontal and vertical
components of the wind, CQ is the specific heat of the air at constant
[ressure, | is the temperature, and (| is the spacific humidity.

The instrumentation requived must measure horizontal wind velocity,
vertical velocity, temrerature, and specific humidity continuously with
+ime resolntion sufficient to accurately represent all eddies of trans-
porting size, It is estimated, on the basis of past experience, that this
resclution should be 0.1 sec or better. Some investigation will bs nec-
easary to determine the resolution necessary.

Since the instruments will be exposed to a corrosive atmospharc at
some distance from laboratory facilities, extreme durability is called
for. Frequent recalibration will be impracticable. These requirements
rule out hot-wire type instruments, notorious for their fragility and
instability.

Nearly all current instruments used in this tyve of measurement
present their resuits as separate continvous traces of temperature,



humidity, total wind, and angle of wind, The labor of transcribing the
date and performing si:beaquent calculations becomms extremely tedious.
One greoup eistimates a month of calvulation for each ten minutes of
observation! Thus, if any significant amount of data is to be obtained,
it is imperative that essentially aii computaiion te performed auvto-
ratically, Zlectronic techniques exist for accomplishing thie end if
the instrumentation presents its results in linear or other simple form,
The requirement also discourages the use of hot-wire anemometry.

2. Beat budget approach, This makes use of ths heat btudget of

the weter,

R+A=HIE+3
vhere R is the net radiation flowing into the water surface,A is the heat
added by advection of water, H is the sensible heat flux from the sur-
face ,E is the heat loss by evaporation, and O is the heat stored in the
water and sea bottom, R may be obtained from a net radiometer, A from
observation of currents and horizontal sea temperature gradients ,5 from

sea temperaturs profiles, e.ndH and E would ther be found by subtraction.
They can be separaied by the Bowen Ratioc technique, masking use of measure-
ments of gradients of temperature and humidity., The measurement of tem-
perature gradlenrts can be obtained from thermocouple circuits, with some
difficuities, Humidity gradients present some problems, but might be
handled by aspiratcd thermoccuple psychrometers.

3. Profile approczch, This makes use of the form of the vertical
profile of wind, tempersture, snd humidity, from which fluxes may be
deduced, The problems of measuring ruofiles are well known., There sppears
to be some doubt as to the applicability of this method over a sea surface,
and some investigation must be done before attempiing to use this approach.

B, Instrumentation to be used:

It is planned to proceed first with the "intimate structure" approach.
The inatrumentation planned is:

1. Anemometer. In place of the Swinbank hot-wire instrument, it
is planned to proceed with the development of a =ew type of instrument, the
principle of which is as follows:

Tne_rotating-arm anemometer, Let a cylinder be rotated about a
horizontal axiy perpendicular to its own axls, the plane of rotation to
coincide with that of the wind vector.
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It is a property of the cyiinder that ihe flow about the frontal node
is very nearly potential flow, so that the nodal presaure is + (’V:
where Vn is the component of the ficw normel to the cyiinder,

If the cylinder is rotating at angulsr velocity () and has a pressure
hole in the leading edge at rediusR from the axis of rotaticn, the
relstive wind normal to the cylinder due to the rotation isz. The
component of the actual wind perpendicular to the sxis of the cylinder
is \ an \IIH- e) 5 wherev is the instanlanscus wind spsed, Q) is the
elevation of the wind vector, and O the angle of the axis of the cylinder
with respect to the horizontel, (See Figure) MNow let ©= Wt . The

presaure on the hole will be given by:

p=%elwlk+Var G+ wt)]®
st e (W R e0lVain(et wbE ~Yeos 20+ wi)l
s 20 [w KrewkVsing cos witzwkVeos ¢ sin at+%e
Y. NE o s 1
ZCos 2dpeos 2wt i+ sin th sin 2wt

If the pressure is measured by a linear transducer, the voltage output
will be the preassure times a factor of proportionality C< , Let us now
multiply «CpPby S.Iﬂ wt , using e resolver with appropriate carrier, and
then integrate by appropriate circuitry., We will make use of the rela-

tions
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t“hen

(A ey e
ﬁxp Sin whdt = Foe 0KV Teos $

’L‘ﬁ)fp A wotdt = & ’J\("(uF Yecos ¢
11‘\/ and Q) do not have harmcnic components of angular velocity {)and

constant phase,
VCC.':5¢ is the harizontal velocity; its multiples are neer constanis,

Similarly, let us multiply Dty (OS5 413t and integrate:

L /ap coswidi=t ewRVeing
where "V‘blﬂ(b 18 of course the vertical velocity.

Finally, let us muitiply X[ty 5m 2wt 2nd integrate as befare,

| T . .. X 2 -
’F/o<p sin ewldt=F eVZ sin 20
0
we VZsin 2¢= 2V2 singeos ¢
o e o
ao’g/mp sin zwidt =2 e(Vsir )V cos ¢) =2 ><euuwr

where (A and W ar? horizontal and vertical velocities. The shearing

stress is given by Ww'= ey - flw , 2o the quantity Feuur
may be taken as a measure of shearing stress.
If the multiplication be by the factor | COS 't where | is tempera-

ture, we have

%/écpT coswtdf =5 ek w
O

The quantity p(,UTis the vertical heat flux.
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The same frocess may be used with X, the mixing ratio, for verticel water
vapor fluxes,

Let us introduce some figures. LetV be 5 m/sec = 500 cm/sec.

Let (R = 1000 cm/sec, so that @R = 1. The first harmonic pressure
fluctuation will be of the order 500 dymes/cm?= 4 mb, This ie adequate
for traneduction of good accuracy (far sbove sound pressures).

The second harmonic will be around 60 dynes/cm? amplitude, which
with care can be utilized, Higher winds would sai: iur uigher values
of (I with correspondingly much higher pressures.

If the shaft rotate at 20 r.p.s.,(J = 130/sec and R would be
about 8 cm.. & pencil-shaped cylinder, perhaps slimmer than a pencil,
is indicatecd, To avoid end effects, the cylinder must be considerably
longer thanR — perhaps 1.5 R o

The same principle would apply to a water current meter which would
record veliocity and direction of current, even at low values. As a current
meter, the arm would rotate in a horizorntal plane. For currents up to
1 knot, = 50 cm/sec, the arm might rotate at (VX = 100 cm/sec. The
pressures would be of amplitude 50 dynes/cm? for each cm/sec. Cne lmot
would preduce an amplitude of 2500 ¢ynes. Suggested values are R = 100 cm,
W= 1i, 2Tw= 6, or one revolution per six seconds.

The principle of operation of this instrument was developed by ur,
Glaser while emplcyed by the Department of Meteorology of the University
of Wisconsin on an Air Force contract. It is understood that that contract
does not intend to proceed with development of the instrument.

2. Therrometer. A swail thermistor type, with output amplified

and response speeded as recommended by LCoyle. The output would be used as
an electronic multiplier of the vertical velocity,

3. Humidity. A Swinbank-type circuit, possibly modified for use
with thermistors, with response speeded electronically.,

4. Temperature gradients. For ihe present the measurements made
by a cooperating project will be used,



5. Wind profiles. Instrumenis set up by a cooperating projuct
will be used,

111, Personnel,

Dr. Arzold H, Glaser joined the project es Chief Scientist at
quarier time orn 24 December 1952 and will go on full time cn 10 Junuvary 1953,
He will procesd with the development of the instrumentation. Dr. Glaser's
btiographical sketch i1s attached,
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